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METHOD OF HANDLING TONE MAP
INTERPOLATION AND RELATED
COMMUNICATION DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/417,226, filed on Nov. 25, 2010 and
entitled “TONE MAP INTERPOLATION”, the contents of
which are incorporated herein in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method used in a com-
munication system and related communication device, and
more particularly, to a method of handling tone map interpo-
lation in a communication system and related communication
device.

2. Description of the Prior Art

A modern high-speed communication system, e.g. asym-
metric digital subscriber line (ADSL) system or power line
communication (PLC) system, usually employs orthogonal
frequency-division multiplexing (OFDM) or discrete multi-
tone modulation (DMT) technologies for transmitting and
receiving signals. The OFDM and DMT systems usually
allocate different number of bits of each sub-carrier to maxi-
mally utilize the channel capacity of a stationary channel. The
allocation is described in a tone map. Generally speaking, the
tone map can refer to the per-tone mapping of any carrier-
dependent information. The design of tone maps has been a
tradeoff point between channel efficiency and implementa-
tion complexity.

One factor that affects implementation complexity is the
size and the amount of tone maps. The size of a tone map
grows with the number of tones (which is the frequency
resolution) and the bit resolution. For a stationary channel,
such as the phone line in an ADSL system, one tone map is
enough to describe the channel characteristics. Instead,
power line is a cyclostationary channel that channel charac-
teristics vary over AC cycles. To fully utilize the cyclostation-
ary channel, the tone map has to be changed cyclically over
time. The time resolution of tone maps adds another dimen-
sion of complexity. For a networking system over a shared
medium, such as PL.C, a station can have multiple links with
other stations and have to manage a set of tone maps for each
link. As a summary, the total size of tone maps grows with the
bit resolution, the frequency resolution, the time resolution,
and the number of links. High-resolution tone maps cost large
tone map storage, management overhead, and communica-
tion overhead.

Further, the period of tone maps affects performance in
contradicting ways for MAC and PHY if a packet is assumed
to use the same tone map over time. For example, long period
results in low PHY data rate, since the bit allocation must
consider the worst-case signal to noise ratio (SNR) in that
period. While short period brings in large transmission over-
head, since a packet must be fragmented to fit in one tone map
period. Short period also results in large storage overhead for
storing more tone maps.

In existing standards, such as IEEE 1901/Homeplug AV, a
beacon period, which may be multiple of power line cycles,
can be separated into small segments, and each segment can
use a different tone map. The tone map for a segment has to
consider the worst SNR for each tone. The larger the segment
is, the worse SNR can be seen, and the lower the allocation
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can be. The smaller the segment is the large storage for tone
maps is needed. Further, since one packet can use only one
tone map, the smaller segment means the shorter packet
length, and therefore transmission efficiency is lower. More-
over, tone map resolution has been an important factor for
both performance and storage. Without careful design, MAC
rate even decreases with PHY rate when resolution increases.

SUMMARY OF THE INVENTION

The present invention therefore provides a method and
related communication device for handling tone map inter-
polation to solve the abovementioned problems.

A method of determining a tone property with a tone index
for a transmitter or a receiver in a communication system is
disclosed. The method comprises selecting at least one base
tone index from a plurality of base tone indices according to
atleast one relation between the tone index and the at least one
base tone index, and generating the tone property according
to at least one base tone property with the at least one base
tone index of a plurality of base tone properties, and the at
least one relation between the tone index and the at least one
base tone index; wherein a base tone map comprises the
plurality of base tone indices and the plurality of base tone
properties.

A communication device of a communication system for
handling a tone property with a tone index is disclosed. The
communication device comprises a processor for executing a
program, a memory for storing data, and a storage device,
coupled to the processor storing the program. When executed
by the processor, the program instructs the processor to per-
form steps of selecting at least one base tone index from a
plurality of base tone indices according to at least one relation
between the tone index and the at least one base tone index,
and generating the tone property according to at least one base
tone property with the at least one base tone index of a
plurality of base tone properties, and the at least one relation
between the tone index and the at least one base tone index;
wherein a base tone map comprises the plurality of base tone
indices and the plurality of base tone properties.

To clarify the usage of tone maps and tone allocation, the
tone map in the following context is explained in term of tone
map of bit allocation but is not limited to this tone property.
The tone property for a tone map of bit allocation is tone
allocation.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an exemplary wireless
communication system according to the present disclosure.

FIG. 2 is a schematic diagram of an exemplary communi-
cation device according to the present disclosure.

FIG. 3 is a flowchart of an exemplary process according to
the present disclosure.

FIG. 4 is a flowchart of an exemplary process according to
the present disclosure.

FIG. 5 is a schematic diagram of tone map generation in the
frequency domain according to an example of the present
disclosure.

FIG. 6 is a flowchart of an exemplary process according to
the present disclosure.
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FIG. 7 is a schematic diagram of tone map generation in the
time domain according to an example of the present disclo-
sure.

FIG. 8 is a flowchart of an exemplary process according to
the present disclosure.

FIG. 9 is a schematic diagram of tone map generation in
both the time domain and the frequency domain according to
an example of the present disclosure.

FIG.10is a flowchart of an exemplary process according to
the present disclosure.

FIG. 11 is a schematic diagram of frequency allocation
generation in both the time domain and the frequency domain
according to an example of the present disclosure.

DETAILED DESCRIPTION

Please refer to FIG. 1, which is a schematic diagram of a
communication system 10 according to an example of the
present invention. The communication system 10 is briefly
composed of a transmitter TX and a receiver RX. In FIG. 1,
the transmitter TX and the receiver RX are simply utilized for
illustrating the structure of the communication system 10.
Practically, the communication system 10 can be any com-
munication systems employing orthogonal frequency-divi-
sion multiplexing (OFDM) or discrete multi-tone modulation
(DMT). For example, the communication system 10 can be a
wireless communication system, such as IEEE 802.11b/g/n,
or a wireline communication system, such as an Asymmetric
Digital Subscriber Line (ADSL) system or a power line com-
munication (PLC) system. The transmitter TX and the
receiver RX can be installed in mobile phones, laptops, tablet
computers, electronic books and portable computer systems,
and are not limited herein.

Please refer to FIG. 2, which is a schematic diagram of a
communication device 20 according to an example of the
present invention. The communication device 20 can be the
transmitter TX or the receiver RX shown in FIG. 1, but is not
limited herein. The communication device 20 may include a
processor 200 such as a microprocessor or Application Spe-
cific Integrated Circuit (ASIC), a storage unit 210 and a
communication interfacing unit 220. The storage unit 210
may be any data storage device that can store a program code
214, accessed and executed by the processor 200. Examples
of the storage unit 210 include but are not limited to a sub-
scriber identity module (SIM), read-only memory (ROM),
flash memory, random-access memory (RAM), CD-ROM/
DVD-ROM, magnetic tape, hard disk and optical data storage
device. The communication interfacing unit 220 is used to
transmit and receive signals according to processing results of
the processor 200.

Please refer to FIG. 3, which is a flowchart of a process 30
according to an example of the present invention. The process
30 is utilized in the transmitter TX and the receiver RX of the
communication system 10 shown in FIG. 1, to handle a tone
map generation of a symbol. The process 30 may be compiled
into the program code 214 and includes the following steps:

Step 300: Start.

Step 302: Select at least one base tone index from a plural-
ity of base tone indices according to at least one relation
between the tone index and the at least one base tone index.

Step 304: Generate the tone allocation according to at least
one base tone allocation with the at least one base tone index

10

15

20

25

30

35

40

45

50

55

60

65

4

of a plurality of base tone allocations, and the at least one
relation between the tone index and the at least one base tone
index.

Step 306: End.

According to the process 30, for the tone allocation with
the tone index in the tone map, the transmitter TX first selects
the at least one base tone index from the plurality of base tone
indices according to the at least one relation between the tone
index and the at least one base tone index. Then, the trans-
mitter TX generates the tone allocation according to at least
one base tone allocation with the at least one base tone index
of the plurality of base tone allocations, and the at least one
relation between the tone index and the at least one base tone
index, wherein the base tone map comprises the plurality of
base tone indices and the plurality of base tone allocations.
The receiver RX follows the same process to generate fre-
quency allocations in the tone map and decode the received
symbol.

More specifically, the at least one relation can be at least
one distance between the tone index and the at least one base
tone index. Therefore, the transmitter TX can select the at
least one base tone index which has the smallest distance with
the tone index, from the plurality of base tone indices. For the
transmitter TX to utilize the base tone map, the base tone map
can be stored in the transmitter TX or the receiver RX. Alter-
natively, the base tone map can be fed back from the receiver
RX, or can be indicated by an index fed back from the receiver
RX.

Please note that, the tone index and the at least one base
tone index can be two-dimension indices. Further, the tone
index and the at least one base tone index can be indices in a
same time domain or a same frequency domain, i.e., the tone
index and the at least one base tone index are in a straight line
in a two-dimension space. In other words, a tone index can be
afrequency index, atime index or a two-dimension index, and
is not limited herein.

Therefore, according to the process 30, the transmitter TX
can generate the tone map, and the receiver RX can decode
the receiver symbol by using the same process. To be more
specific, several examples according to the present invention
are illustrated as follows.

Please refer to FIG. 4, which is a flowchart of a process 40
according to an example of the present invention. The process
40 is utilized in the transmitter TX and the receiver RX of'the
communication system 10 shown in FIG. 1, to handle a tone
map generation of a symbol. The process 40 may be compiled
into the program code 214 and includes the following steps:

Step 400: Start.

Step 402: For a frequency allocation with a frequency
index in the tone map, determine a first base frequency index
and a second base frequency index such that the frequency
index is between the first base frequency index and the second
base frequency index.

Step 404: Generate the frequency allocation according to a
first base frequency allocation with the first base frequency
index and a second base frequency allocation with the second
base frequency index.

Step 406: Determine whether all frequency allocations in
the tone map are generated. If yes, perform step 408, other-
wise, perform step 402.

Step 408: Transmit or decode the symbol according to the
tone map.

Step 410: End.

According to the process 40, for the frequency allocation
with the frequency index in the tone map, the transmitter TX
determines the first base frequency index and the second base
frequency index such that the frequency index is between the
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first base frequency index and the second base frequency
index. Accordingly, the transmitter TX can generate the fre-
quency allocation according to the first base frequency allo-
cation and the second base frequency allocation. The trans-
mitter TX continues the above operations until all frequency
allocations in the tone map are generated, and the symbol can
then be transmitted according to the tone map. The receiver
RX follows the same process to generate frequency alloca-
tions in the tone map and decode the received symbol.

Please note that, the spirit of the process 40 is to generate
each frequency allocation according to corresponding neigh-
bor base frequency allocations, and ways for generating the
each frequency allocation is not limited herein. For further
illustration of the tone map generation, please refer to FIG. 5,
which is a schematic diagram of a symbol SB_n with a tone
map TM_n and a base tone map BTM_n according to an
example of the present invention. The tone map TM_n of the
symbol SB_n at a time n includes frequency allocations b(n',
k")s, and the frequency allocation b(n'k") is preferably (or
relates to) a number of bits which will be allocated to a
position with time index n' and frequency index k' (hereafter
shortened as the index (n',k")). The base tone map BTM_n is
a subset of the tone map TM_n, and includes base frequency
allocations at the time n that are known by the transmitter TX.
More specifically, base frequency allocations b(n,k1), b(n,
k2), b(n,k3) and b(n,k4) of the base tone map TM_n in FIG.
5 with frequency indices k1, k2, k3 and k4, respectively, are
represented by squares with diagonal texture. Frequency allo-
cations which are not available are represented by blank
squares. Without loss of generality, it is assumed that a value
of'a frequency index on the frequency axis in FIG. 5 increases
from bottom to top, i.e., k1<k2<k3<k4.

Please note that, the frequency allocations and the base
frequency allocations shown in FIG. 5 are simply used for
illustration, and rest of frequency allocations are not shown
for simplicity. In practical, there are more frequency alloca-
tions and more base frequency allocations due to a large
number of frequency indices, for example, the number may
be 256, 512, 1024, etc. Besides, the base tone map BTM_n is
usually selected or established based on a principle that a
large base frequency allocation b (n',k') corresponds to a large
signal-to-noise ratio (SNR) at the index (n'k"), and a small
base frequency allocation b (n', k') corresponds to a small
SNR at the index (n',k"). The base tone map BTM_n may be
known by the transmitter TX, or is fed back by the receiver
RX to be used by the transmitter TX. The method of feeding
back can be feeding back the base tone map BTM_n or
feeding an index to indicate the base tone map BTM_n. Fur-
ther, for the symbol SB_n to be transmitted, the each fre-
quency allocation of the tone map TM_n must be available or
must be generated such that the transmitter TX can allocate
bits to each frequency index according to a corresponding
frequency allocation.

Take the frequency allocation b(n,k) (dotted square) as an
example, the frequency allocation b (n, k) can be obtained by
combining the base frequency allocations b(n,k2) and b(n,k3)
which are the two nearest base frequency allocations to the
frequency allocation b (n, k) (e.g. considering a frequency-
domain distance) as shown in FIG. 5. A method base on which
the base frequency allocations b(n,k2) and b(n,k3) are com-
bined is not limited. As long as the frequency allocation b(n,k)
can be generated relating to a SNR at the index (n,k), i.e., a
large SNR at the index (n, k) implies a large frequency allo-
cation b(n,k), and oppositely, a small SNR at the index (n,k)
implies a small frequency allocation b(n.k). For example, a
linear interpolation based on an inverse distance weighting
can be used. The inverse distance weighting weights the base
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frequency allocation near the frequency allocation b(n,k) by
using a large weight, and weights the base frequency alloca-
tion far from the frequency allocation b(n k) by using a small
weight. Therefore, according to the inverse distance weight-
ing, the frequency allocation b(n,k) can be generated by using
the equation, b(n,k)=(k3-k)/(k3-k2)-b(n, k2)+(k-k2)/(k3-
k2)-b(n, k3). After the each frequency allocation of the tone
map TM_n is generated, the transmitter TX can allocate bits
to the each frequency index according to the corresponding
frequency allocation, and transmits the symbol SB_n to the
receiver RX. The receiver RX follows the same process to
generate frequency allocations in the tone map and decode the
received symbol SB_n.

Please note that, the method base on which the base fre-
quency allocations are combined is not limited to the inverse
distance weighting. An interpolation is also not limited to the
linear interpolation, i.e., a high-order interpolation can also
be used. A high-order interpolation may need more adjacent
base frequency allocations. Or even a zero-order interpola-
tion can be used, where only one adjacent base frequency
allocation is needed in this case. A method for determining
the two nearest base frequency allocations to the frequency
allocation b(n,k) is not limited. For example, the transmitter
TX can first determine the first base frequency allocation (e.g.
the base frequency allocation b(n,k2)) with the largest fre-
quency index smaller than the frequency index k, then the
next base frequency allocation (e.g. the base frequency allo-
cation b (n, k3)) can be determined as the second base fre-
quency allocation.

Therefore, according to the process 40 and above illustra-
tion of FIG. 5, the transmitter TX can generate the tone map
TM_n, and allocate bits according to the tone map TM_n.
Since the each frequency allocation b(n',k') is generated by
combining the two nearest base frequency allocations, the
each frequency allocation b (n',k') relates to SNR at the index
(n',k") accurately. As a result, more bits are allocated to the
index (n',k") with a better SNR, and less bits are allocated to
the index (n',k') with a worse SNR. A system throughput of
the communication system 10 can approach the system
capacity, and the storage and communication overhead is
small. In comparison, complete frequency allocations are
directly used for all frequency allocations in the prior art, i.e.,
the frequency allocation spans over the whole range of tones.
Therefore, the cost of storing and communicating the tone
maps is high.

On the other hand, the overhead to describe a time-varying
channel is huge. A practical solution is to define tone maps in
coarse regions over time. A worst-case tone map is calculated
for the worst channel condition in a region of similar channel
characteristics. Instead, a time-domain interpolation can bet-
ter describe the channel condition and help the system
throughput of the communication system 10 to approach the
system capacity. The approach is illustrated as follows. Please
refer to FIG. 6, which is a flowchart of a process 60 according
to an example of the present invention. The process 60 is
utilized in the transmitter TX and the receiver RX of the
communication system 10 shown in FIG. 1, to handle a tone
map generation of a symbol. The process 60 may be compiled
into the program code 214 and includes the following steps:

Step 600: Start.

Step 602: For a tone map with a time index, determine a
first base time index and a second base time index such that
the time index is between the first base time index and the
second base time index.
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Step 604: Generate the tone map with the time index
according to a first base tone map with the first base time
index and a second base tone map with the second base time
index.

Step 606: Transmit or decode the symbol according to the
tone map.

Step 608: End.

According to the process 60, for the tone map with the time
index, the transmitter TX determines the first base time index
and the second base time index such that the time index is
between the first base time index and the second base time
index. Accordingly, the transmitter TX can generate the tone
map with the time index according to the first base tone map
and the second base tone map. After the tone map is generated
by the transmitter TX, the symbol can be transmitted accord-
ing to the tone map. The receiver RX follows the same process
to generate frequency allocations in the tone map and decode
the received symbol.

Please note that, the spirit of the process 60 is to generate
the tone map according to neighbor base tone maps, and ways
for generating the tone map is not limited herein. For further
illustration of the tone map generation, please refer to FIG. 7,
which is a schematic diagram of a symbol SB_na with a tone
map TM_na, and symbols SB_nal-SBna4 with base tone
maps BTM_nal-BTM_nad, respectively, according to an
example of the present invention. The tone map TM_na at a
time nais full of unknown frequency allocations, and includes
no base frequency allocations. The base tone maps
BTM_nal-BTM at the times nal-nad, respectively, are full of
base frequency allocations that are known by the transmitter
TX. Similarly, base frequency allocations are represented by
squares with diagonal texture. Frequency allocations which
are not available are represented by blank squares. Besides,
properties of frequency allocations included the tone map
TM_na and base frequency allocations included in the base
tone maps BTM_nal-BTM_na4 have been mentioned above,
and are ignored for simplicity.

Observing FIG. 7, it is obvious that the tone map TM_na
can be obtained by combining the base tone maps BTM_na2
and BTM_na3 which are the two nearest base tone maps to
the tone map TM_na (e.g. considering a time-domain dis-
tance). A method base on which the base tone maps
BTM_na2 and BTM_na3 are combined is not limited. For
example, a linear interpolation based on the inverse distance
weighting can be used. The inverse distance weighting
weights the base tone map near the tone map TM_na by using
a large weight, and weights the base tone map far from the
tone map TM_na by using a small weight. Therefore, accord-
ing to the inverse distance weighting, the tone map TM_na
can be generated by using the equation, TM_na=(na3-na)/
(na3-na2)-BTM_na2+(na-na2)/(na3-na2)-BTM_na3. After
the tone map TM_na is generated, the transmitter TX can
allocate bits to the each frequency index according to the
corresponding frequency allocation of the tone map TM_na,
and transmits the symbol SB_na to the receiver RX. Simi-
larly, the method base on which the base tone maps are
combined is not limited to the inverse distance weighting. An
interpolation is also not limited to the linear interpolation, i.e.,
a zero-order or high-order interpolation can also be used.

Please note that, a combination of the base tone maps
BTM_na2 and BTM_na3 implies that a frequency allocation
at a frequency index is obtained by using base frequency
allocations of the base tone maps BTM_na2 and BTM_na3 at
the same frequency index. A method for determining the two
nearest base tone maps to the tone map TM_na is not limited.
For example, the transmitter TX can first determine the first
base tone map (e.g. the base tone map BTM_na2) with the
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largest base tone index smaller than the time index, then the
next base tone map (e.g. the base tone map BTM_na3) can be
determined as the second base tone map.

Therefore, according to the process 60 and above illustra-
tion of FIG. 7, the transmitter TX can generate the tone map
TM_na, and allocate bits according to the tone map TM_na.
Since the tone map TM_na is generated by combining the two
nearest base tone maps, the each frequency allocation of the
tone map TM_na relates to SNR accurately. As a result, more
bits are allocated to the frequency index with a better SNR,
and less bits are allocated to the frequency index with a worse
SNR. A system throughput of the communication system 10
can approach the system capacity.

Furthermore, if there is no base tone map full of base
frequency allocations near a tone map, the processes 40 and
60 can be jointly applied to generate the tone map. Please
refer to FIG. 8, which is a flowchart of a process 80 according
to an example of the present invention. The process 80 is
utilized in the transmitter TX and the receiver RX of the
communication system 10 shown in FIG. 1, to handle a tone
map generation of a symbol. The process 80 may be compiled
into the program code 214 and includes the following steps:

Step 800: Start.

Step 802: For a tone map with a time index, determine a
first time index and a second time index such that the time
index is between the first time index and the second time
index.

Step 804: For a frequency allocation with a frequency
index in a first tone map with the first time index or in a second
tone map with the second time index, determine a first base
frequency index and a second base frequency index such that
the frequency index is between the first base frequency index
and the second base frequency index.

Step 806: Generate the frequency allocation with the fre-
quency index according to a first base frequency allocation
with the first base frequency index and a second base fre-
quency allocation with the second base frequency index.

Step 808: Determine whether all frequency allocations in
the first tone map and the second tone map are generated. If
yes, perform step 810, otherwise, perform step 804.

Step 810: Generate the tone map according to the first base
map and the second tone map with.

Step 812: Transmit or decode the symbol according to the
tone map.

Step 814: End.

According to the process 80, for the tone map with the time
index, the transmitter TX determines the first time index and
the second time index such that the time index is between the
first time index and the second time index. For each frequency
allocation with corresponding frequency index in the first
tone map, the transmitter TX determines a first base fre-
quency index and a second base frequency index such that the
frequency index is between the first base frequency index and
the second base frequency index. Accordingly, the transmitter
TX can generate the each frequency allocation with the cor-
responding frequency index according to a first base fre-
quency allocation with the first base frequency index and a
second base frequency allocation with the second base fre-
quency index. Therefore, the first tone map is generated.
Similarly, the transmitter TX can generate each frequency
allocation with corresponding frequency index in the second
tone map, and the second tone map is generated. Then, the
transmitter TX can generate the tone map according to the
first tone map and the second tone map. The symbol can be
transmitted according to the tone map. The receiver RX fol-
lows the same process to generate frequency allocations in the
tone map and decode the received symbol.



US 9,209,951 B2

9

Please note that, the process 40 and the process 60 are used
in the process 80, to obtain a tone map. For further illustration
of the tone map generation, please refer to FIG. 9, which is a
schematic diagram of a symbol SB_nb with a tone map
TM_nb, and symbols SB_nb1-SBnb4 with tone maps
TM_nb1-TM_nb4, respectively, according to an example of
the present invention. The tone map TM_na at a time na
includes is full of unknown frequency allocations, and
includes no base frequency allocations. The tone maps
TM_nal-TM at the times nbl-nb4, respectively, includes
both unknown frequency allocations and base frequency allo-
cations which constructing corresponding base tone maps.
Similarly, base frequency allocations are represented by
squares with diagonal texture. Frequency allocations which
are not available are represented by blank squares. Besides,
properties of frequency allocations included the tone map
TM_na, and tone maps TM_nb1-TM_nb4 have been men-
tioned above, and are ignored for simplicity.

Observing FIG. 9, it is obvious that the tone map TM_nb
can be obtained by combining the tone maps TM_nb2 and
TM_nb3 which are the two nearest tone maps to the tone map
TM_nb (e.g. considering a time-domain distance). However,
most frequency allocations of the tone maps TM_nb2 and
TM_nb3 are unknown and should be generated first. There-
fore, the process 40 and accompanying illustrations can be
used to generate the frequency allocations (doted squares) of
the tone maps TM_nb2 and TM_nb3. After the tone maps
TM_nb2 and TM_nb3 are generated, the process 60 and
accompanying illustrations can be used to generate the tone
map TM_nb.

Therefore, according to the process 80 and above illustra-
tion of FIG. 9, the transmitter TX can generate the tone map
TM_nb, and allocate bits according to the tone map TM_nb.
Since the tone map TM_nb is generated by combining the two
nearest tone maps, each frequency allocation of the tone map
TM_nb relates to SNR accurately. As a result, more bits are
allocated to the frequency index with a better SNR, and less
bits are allocated to the frequency index with a worse SNR. A
system throughput of the communication system 10 can
approach the system capacity.

Furthermore, a frequency allocation can also be obtained
by using four neighbor base frequency allocations of neigh-
bor base tone maps, and a better accuracy can be achieved.
Please refer to FIG. 10, which is a flowchart of'a process 100
according to an example of the present invention. The process
100 is utilized in the transmitter TX and the receiver RX of the
communication system 10 shown in FIG. 1, to handle a fre-
quency allocation of a symbol. The process 100 may be
compiled into the program code 214 and includes the follow-
ing steps:

Step 1000: Start.

Step 1002: For a frequency allocation with a time index and
a frequency index, determine a first base time index and a
second base time index such that the time index is between the
first base time index and the second base time index, and
determine a first base frequency index and a second base
frequency index such that the frequency index is between the
first base frequency index and the second base frequency
index.

Step 1004: Generate the frequency allocation with the fre-
quency index according to four base frequency allocations,
wherein each of the four base frequency allocations is
indexed with one of the first and second base time indices and
one of the first and second base frequency indices.

Step 1006: End.

According to the process 100, for the frequency allocation
with the time index and the frequency index, the transmitter
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TX determines the first base time index and the second base
time index such that the time index is between the first base
time index and the second base time index, and determines the
first base frequency index and the second base frequency
index such that the frequency index is between the first base
frequency index and the second base frequency index.
Accordingly, the transmitter TX can generate the frequency
allocation according to the four base frequency allocations,
wherein each of the four base frequency allocations is
indexed with one of the first and second base time indices and
one of the first and second base frequency indices. The
receiver RX follows the same process to generate frequency
allocations in the tone map and decode the received symbol.

Please note that, the spirit of the process 100 is to generate
the frequency allocation according to the four neighbor base
frequency allocations, and ways for generating the frequency
allocation is not limited herein. For further illustration of the
frequency allocation generation, please refer to FIG. 11,
which is a schematic diagram of a symbol SB_nc with a tone
map TM_nc and two base tone maps BTM_ncl and
BTM_nc2 according to an example of the present invention.

The tone map TM_nc of the symbol SB_nc at a time nc
comprises a frequency allocation b (nc, kc), and the frequency
allocation b (nc, kc) is preferably (or relates to) a number of
bits which will be allocated to the index (n', k'). The base tone
maps BTM_nc1 and BTM_nc2 include base frequency allo-
cations at a time ncl and a time nc2, respectively, and are
known by the transmitter TX. More specifically, the base tone
map BTM_ncl and BTM_nc2 are the two nearest base tone
maps to the tone map TM_nc (e.g. considering a time-domain
distance) as shown in FIG. 11. The base tone map BTM_ncl
includes multiple base frequency allocations, wherein base
frequency allocations b (nc1,kel) and b (ncl, ke2) are the two
nearest frequency allocations to the frequency allocation
b(nc,ke) (e.g. considering both the time-domain distance and
a frequency-domain distance, i.e., a 2-dimension distance).
The base tone map BTM_nc2 also includes multiple base
frequency allocations, wherein base frequency allocations b
(nc2, kel) and b(nc2 ke2) are the two nearest frequency allo-
cations to the frequency allocation b(nc kc) (e.g. considering
both the time-domain distance and the frequency-domain
distance, i.e., the 2-dimension distance). The base frequency
allocations are represented by squares with diagonal texture.
Frequency allocations which are not available are represented
by blank squares.

Take the frequency allocation b(nc.kc) (dotted square) as
an example, the frequency allocation b(nc,kc) can be obtained
by combining the base frequency allocations b (ncl, kel), b
(ncl, ke2), b (nc2, kel) and b(nc2,ke2) which are the four
nearest base frequency allocations to the frequency allocation
b(nc,ke) as shown in FIG. 11. A method base on which the
base frequency allocations b (ncl, kel), b (ncl, ke2), b (nc2,
kel) and b(nc2.kc2) are combined is not limited. As long as
the frequency allocation b (nc.kc) can be generated relating to
a SNR at the index (nc,ke), i.e., a large SNR at the index
(nc.ke) implies a large frequency allocation b (nc.kc), and
oppositely, a small SNR at the index (nc.kc) implies a small
frequency allocation b (nc,kc). For example, a linear interpo-
lation based on an inverse distance weighting can be used.
The inverse distance weighting weights the base frequency
allocation near the frequency allocation b(nc.kc) by using a
large weight, and weights the base frequency allocation far
from the frequency allocation b(nc,kc) by using a small
weight. After the frequency allocation b(nc kc) is generated,
the transmitter TX can allocate bits to the frequency index
(nc.ke) according to the frequency allocation b (nc, kc). Since
the frequency allocation b (nc, kc) is generated by combining
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the four nearest base frequency allocations, the transmitter
TX can allocate bits to the index (nc.kc) with an improved
accuracy.

Please note that, the method base on which the base fre-
quency allocations are combined is not limited to the inverse
distance weighting. An interpolation is also not limited to the
linear interpolation, i.e., a Zero-order or high-order interpo-
lation can also be used. A method for determining the two
nearest base frequency allocations to the frequency allocation
b(nc.ke) is not limited.

In conclusion, the present invention proposes methods for
the transmitter or the receiver to estimate unknown tone-
specific information (such as frequency allocations) by using
neighbor base frequency allocations of one or multiple known
by the transmitter. After each frequency allocation of a tone
map is generated, the transmitter or the receiver can allocate
or decode bits according to the tone map, respectively. In this
situation, a corresponding symbol can be transmitted such
that system throughput can approach system capacity.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A method of determining a tone allocation with a tone
index, utilized in a communication device of a communica-
tion system, the method comprising:

the communication device selecting at least one base tone

index from a plurality of base tone indices according to
at least one relation between the tone index and the at
least one base tone index; and

the communication device generating the tone allocation

according to at least one base tone allocation with the at
least one base tone index of a plurality of base tone
allocations, and the at least one relation between the tone
index and the at least one base tone index by using
interpolation to interpolate the tone allocation from the
at least one base tone allocation according to the at least
one relation;

wherein a base tone map comprises the plurality of base

tone indices and the plurality of base tone allocations;

wherein the communication device is a transmitter or a

receiver in the communication system.

2. The method of claim 1, wherein the at least one relation
is at least one distance between the tone index and the at least
one base tone index.

3. The method of claim 2, wherein selecting the at least one
base tone index from the plurality of base tone indices accord-
ing to the at least one relation between the tone index and the
at least one base tone index, comprises:

the communication device selecting the at least one base

tone index which has the smallest distance from the tone
index, from the plurality of base tone indices.
4. The method of claim 1, further comprising:
the communication device selecting a first base tone index
and a second base tone index from the plurality of base
tone indices such that the tone index is between the first
base tone index and the second base tone index; and

the communication device generating the tone allocation
with the tone index according to a first base tone alloca-
tion with the first base tone index and a second base tone
allocation with the second base tone index of the plural-
ity of base tone allocations.

5. The method of claim 4, wherein determining the first
base tone index and the second base tone index from the
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plurality of base tone indices such that the tone index is
between the first base tone index and the second base tone
index, comprises:

the communication device selecting the first base tone

index from the plurality of' base tone indices such that the
first base tone index is the largest base tone index smaller
than the tone index; and

the communication device selecting the second base tone

index from the plurality of' base tone indices such that the
second base tone index is the smallest base tone index
larger than the tone index.

6. The method of claim 4 further comprising

the communication device selecting a third base tone index

and a fourth base tone index from the plurality of base
tone indices such that the tone index is between the third
base tone index and the fourth base tone index; and

the communication device generating the tone allocation

with the tone index according to the first base tone allo-
cation, the second base tone allocation, a third base tone
allocation with the third base tone index and a fourth
base tone allocation with the fourth base tone index of
the plurality of base tone allocations.

7. The method of claim 1, wherein generating the tone
allocation with the tone index according to the at least one
base tone allocation with the at least one base tone index of the
plurality of base tone allocations, comprises:

the communication device obtaining at least one contribu-

tion from the at least one base tone allocation according
to the at least one relation between the tone index and the
at least one base tone index; and

the communication device generating the tone allocation

with the tone index according to the at least one contri-
bution.

8. The method of claim 1, wherein the base tone map is
stored in the transmitter or the receiver.

9. The method of claim 1, wherein the base tone map is fed
back from the receiver.

10. The method of claim 1, wherein the base tone map is
indicated by an index fed back from the receiver.

11. The method of claim 1, wherein the tone allocation and
the at least one base tone allocation relate to numbers of bits
allocated to the tone index and the at least one base tone index,
respectively.

12. The method of claim 1, wherein the tone index and the
at least one base tone index are on a same time domain, or are
on a same frequency domain.

13. The method of claim 1, wherein the tone index and the
at least one base tone index are two-dimension indices.

14. The method of claim 1, wherein the tone index and the
at least one base tone index are on a straight line.

15. A communication device of a communication system
for handling a tone allocation with a tone index, the commu-
nication device comprising:

a processor for executing a program;

a memory for storing data; and

a storage device, coupled to the processor storing the pro-

gram; wherein when executed by the processor, the pro-

gram instructs the processor to perform the following

steps:

selecting at least one base tone index from a plurality of
base tone indices according to at least one relation
between the tone index and the at least one base tone
index; and

generating the tone allocation according to at least one
base tone allocation with the at least one base tone
index of a plurality of base tone allocations, and the at
least one relation between the tone index and the at
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least one base tone index by using interpolation to
interpolate the tone allocation from the at least one
base tone allocation according to the at least one rela-
tion;

wherein a base tone map comprises the plurality of base
tone indices and the plurality of base tone allocations.

16. The communication device of claim 15, wherein the at
least one relation is at least one distance between the tone
index and the at least one base tone index.

17. The communication device of claim 16, wherein select-
ing the at least one base tone index from the plurality of base
tone indices according to the at least one relation between the
tone index and the at least one base tone index, comprises:

selecting the at least one base tone index which has the

smallest distance with the tone index, from the plurality
of'base tone indices.

18. The communication device of claim 15, further com-
prising:

selecting a first base tone index and a second base tone

index from the plurality of base tone indices such that the
tone index is between the first base tone index and the
second base tone index; and

generating the tone allocation with the tone index accord-

ing to a first base tone allocation with the first base tone
index and a second base tone allocation with the second
base tone index of the plurality of base tone allocations.

19. The communication device of claim 18, wherein deter-
mining the first base tone index and the second base tone
index from the plurality of base tone indices such that the tone
index is between the first base tone index and the second base
tone index, comprises:

selecting the first base tone index from the plurality of base

tone indices such that the first base tone index is the
largest base tone index smaller than the tone index; and
selecting the second base tone index from the plurality of
base tone indices such that the second base tone index is
the smallest base tone index larger than the tone index.

20. The communication device of claim 18 further com-
prising

selecting a third base tone index and a fourth base tone

index from the plurality of base tone indices such that the
tone index is between the third base tone index and the
fourth base tone index; and
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generating the tone allocation with the tone index accord-
ing to the first base tone allocation, the second base tone
allocation, a third base tone allocation with the third base
tone index and a fourth base tone allocation with the
fourth base tone index of the plurality of base tone allo-
cations.

21. The communication device of claim 15, wherein gen-
erating the tone allocation with the tone index according to
the at least one base tone allocation with the at least one base
tone index of the plurality of base tone allocations, comprises:

obtaining at least one contribution from the at least one

base tone allocation according to the at least one relation
between the tone index and the at least one base tone
index; and

generating the tone allocation with the tone index accord-

ing to the at least one contribution.

22. The communication device of claim 15, wherein the
base tone map is stored in the communication device, or
another communication device of the communication system
with which the communication device communicates.

23. The communication device of claim 15, wherein the
base tone map is fed back from another communication
device of the communication system.

24. The communication device of claim 15, wherein the
base tone map is indicated by an index fed back from another
communication device of the communication system.

25. The communication device of claim 15, wherein the
tone allocation and the at least one base tone allocation relate
to numbers of bits allocated to the tone index and the at least
one base tone index, respectively.

26. The communication device of claim 15, wherein the
tone index and the at least one base tone index are on a same
time domain, or are on a same frequency domain.

27. The communication device of claim 15, wherein the
tone index and the at least one base tone index are two-
dimension indices.

28. The communication device of claim 15, wherein the
tone index and the at least one base tone index are on a straight
line.



